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MOULD FLUXES FOR USE IN THE 
CONTINUOUS CASTING OF STEEL 

This invention relates to mould fluxes for use in the 
continuous casting of steei. particularly ultra low carbon steel. 

In the continuous casting of steel a mould flux is generally 
added to the surface of the molten steel in the mould. The flux provides 
lubrication between the mould wall and the steel, it reduces the loss of 
heat from the surface of the steel, it protects the surface from oxidation 
and it may remove impurities such as alumina from the steel. 

As granules evolve much less dust compared with powder 
mould fluxes used in the continuous casting of steel, are often used in 
the form of granules which may be produced by, for example, spray- 
drying of the flux constituents. The excellent flowability of granules 
makes them particularly suitable for automatic feeding to the mould, for 
example, using a DAPSOL™ feeder. However, once the flux is in the 
mould, the flowability of the granules becomes a disadvantage since the 
granules tend to find their own level under high rates of flow of steel 
into the mould and the surface of the steel may become exposed in the 
comers of the mould. 

It has been found that the above problem can be alleviated 
if the granules contain a minor amount of an expandable material 
which will expand under the action of heat and will cause the granules 
to break down into powder on the surface of the steel. It has also been 
found that spherical granules yield the best results, that the expandable 
material (particularly acid treated graphite) should have a particular 



WO 96/32216 



PCT/GB96/00568 



-2- 

size and that particular binders should be utilised in order to obtain the 
best results. 

In the continuous casting of ultra low carbon (ULC) steel, 
the insulating properties of the mould fluxes are especially critical and 
carbon pickup must be minimised. 

It has now been found that spherical granules can be used 
for ULC steels even through the conventional wisdom is that granules 
do not insulate as well as powders and, therefore, are not suitable for 
use with ULC steels. 

According to the invention there is provided a granular 
mould flux comprising refractory metal oxide, one or more fluxing 
agents, an expanding agent, carbon black, manganese dioxide and 
starch. 

According to a further feature of the invention there is 
provided a method of continuously casting molten steel in a mould, the 
method comprising adding to the mould prior to, during or after 
teeming of the molten steel a granular mould flux comprising refractory 
metal oxide, one or more fluxing agents, an expanding agent, carbon 
black, manganese dioxide and starch. 

In the preferred method the steel is ultra low carbon steel. 

The refractory metal oxide is preferably made up of calcium 
oxide and silica but alumina and/or magnesia may also be present. 
Materials such as blast furnace slag which contains calcium oxide, 
silica and alumina, or feldspar (sodium potassium aluminum silicate) 
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which contains alumina and silica may be used as a source of refractory 
metal oxides. 

Wollastonite, which contains calcium oxide and silica, is a 
particularly useful component since it is capable of absorbing 
appreciable amounts of alumina from the steel into the flux without 
significantly affecting the viscosity or melting point of the flux. The 
wollastonite component may be, for example, a synthetic or natural 
calcium monosilicate (which may contain very small quantities of iron 
oxide and/or alumina), or it may be calcium monosilicate in solid 
solution with at least one of silica, calcium oxide and alumina, for 
example, a solid solution containing pseudo-wollastonite or rankinite. 

The fluxing agent may be, for example, one or more of 
sodium carbonate (soda ash), potassium carbonate, lithium carbonate, 
barium carbonate, sodium fluoride, aluminum fluoride, potassium 
fluoride, cryolite, fluorspar and olivine. The fluxing agent reduces the 
melting point of the flux and by the selection of particular fluxing agents 
and amounts the variation of the viscosity of the flux with temperature 
can be controlled. 

The expanding agent is preferably acid-treated or 
expandable graphite but the expanding agent may be, instead of acid- 
heated graphite, expandable perlite or expandable vermiculite. The 
expanding agent is preferably present in an amount of 0.3% to 1.5%, 
most desirably 0.3 to 1% by weight based on the weight of the flux and 
is preferably expandable graphite. 

The starch functions as a binder but if desired other 
binders may also be used in addition to the starch. 
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The additional binder may be any suitable binder which will 
maintain the integrity of the granules from manufacture through 
storage, transport and use up to the point of expansion of the 
expanding agent when it is necessary for the granules to disintegrate 
back into the original powder form. Examples of suitable binders 
include resins, gums such as a polysaccharide gum and carbohydrate 
materials such as molasses. 

Sodium carbonate (soda ash) and /or lithium carbonate 
which, are fluxing agents, can also function as binders and as such are 
highly desirable in the granular flux of the invention. At least 4% soda 
ash, or at least 2% lithium carbonate, or a combination of at least 2% 
soda ash and at least 1% lithium carbonate, are typically used. Most 
desirably the binder content of the granular mould flux comprises 
between about 8 to 14% by weight soda ash, or between about 4 to 7% 
by weight lithium carbonate, or a combination of soda ash and lithium 
carbonate wherein double the percentage of lithium carbonate, plus the 
percentage of soda ash, is between about 8 to 14% by weight. For 
example, one particularly desirable combination for the binder is about 
10% soda ash and about 1% lithium carbonate. This binding 
mechanism for producing the granular mould flux has proven more 
effective than using some organic binders in terms of granule strength 
as well as absence of odour. The size of the granules produced by spray 
drying such a composition is preferably about 0.2 - 0.5 mm (200 - 500 
microns). 

The starch binder in the granular flux of the invention 
causes the carbon black to migrate to the surface of the granules thus 
improving the efficiency of the carbon black addition, reducing slag rim, 
improving thermal insulation and reducing carbon pickup by the steel. 
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The manganese dioxide oxidises carbon, and reduces carbon pickup by 
the steel, allowing a higher carbon content flux to be used and providing 
improved thermal insulation and less slag rim. 

The amount of starch will usually be 0.1 to 1.0% by weight, 
for example. 0.3 to 0.7% by weight, typically about 0.5% by weight and 
the amount of manganese dioxide will usually be 1 to 5% by weight, for 
example, about 2 to 4% by weight, typically about 3% by weight. 

The flux may also contain a light-weight refractory material 
such as expanded perlite, expanded vermiculite, or pumice, to lower the 
overall density of the flux. 

The flux may also contain a carbonaceous material, (in 
addition to carbon black and any expandable graphite which may be 
present as the expanding agent), such as charcoal, coke, anthracite or 
graphite, to control the melting rate and sintering characteristics of the 
flux. 

The amount of such carbonaceous material may be, for 
example, up to 6% by weight, preferably up to 3% by weight. 

The flux will usually contain by weight:- 
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The granular mould flux of the invention is preferably in the 
form of spherical granules. Spherical granules have the best properties 
in terms of chemical uniformity and cold flowability and also have 
suitable insulating ability. However, conventional spherical granules in 
the past have not been as forgiving in the mould as powders during 
turbulent conditions. During turbulent conditions the narrow face is 
particularly disturbed by rolling and level variation and spherical 
granules tend to run down toward the lower levels due to their good 
flowability. This can result in exposing liquid flux or even steel near the 
narrow face. However, because of the expanding agent according to the 
invention, as well as the reduced average panicle size of the spheres, 
the permeability of the flux is reduced thereby improving its insulating 
properties and the cold flowability is reduced, the net result being that 
the material can be used successfully during submerged entry shroud 
(SEN) and tundish changes without the tendency to form steel floaters. 
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The spherical granules may be produced by a method such 
as pan granulation but they are preferably produced by spray drying an 
aqueous slurry of a mixture of the flux constituents, typically about 
60% solids. The granules may be in a size range as broad as from 0. 1 
mm to 1 mm in diameter but preferably are 0.2 to 0,5 mm (200 to 500 
microns) in diameter. 

The application rate of the mould flux to the mould will 
usually be in the range of 0.3 kg/ ton to 1.1 kg/ton of steel cast which is 
substantially the same as for conventional fluxes. 

In the casting of ULC steels, carbon pick-up is minimised by 
using mould fluxes which have a lower carbon content compared with 
fluxes used for the casting of other steels, and this may result in 
reduced thermal insulation properties and increased slag rim formation. 
Since conventional granules do not insulate as well as powders, 
granules are not normally used for casting ULC steels. 

The granular mould flux of the invention is particularly 
suitable for the casting of ULC steels. The expanding agent causes the 
flux to break down into powder, thus improving metal coverage during 
turbulent conditions. The manganese dioxide oxidises carbon 
contained in the flux and reduces carbon pick-up by the steel, thus 
permitting a higher carbon content in the flux and giving improved 
insulation properties and less slag rim production. The starch causes 
the carbon black to migrate to the surface of the granules, thus 
improving the efficiency of the carbon black in reducing slag rim 
production and providing improved insulation properties. 
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As stated previously the granular mould flux of the 
invention breaks down in contact with the steel in the mould producing 
a powder layer of flux on the surface and preventing exposure of the 
steel in the mould corners. Additionally, the granular mould flux of the 
invention retains the advantages of known granular mould fluxes such 
as greater homogeneity compared with powder flux compositions, low 
dust production and excellent flowability for ease of automatic 
application. 

The following examples will serve to illustrate the invention: 
EXAMPLE 1 

% bv weight 



Calcium silicate 21.5 

Carbon black 0.8 

Blast furnace slag 28.2 

Calcium fluoride 12.3 

Olivine 6.1 
Sodium potassium aluminum 

silicate 11.8 

Starch 0.5 

Manganese dioxide 2.8 

Lithium carbonate 1 -2 

Sodium carbonate 6. 1 

Polysaccharide gum 0. 1 

Strontium carbonate 7.6 

Expandable graphite 1 .0 
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EXAMPLE 2 

% bv weight 

Calcium silicate 2 1 -9 

Carbon black 0-8 
Blast furnace slag 31.4 



Calcium fluoride 


11.6 


Magnesite 


2.4 


Sodium potassium aiuminum 




silicate 


8.4 


Starch 


0.6 


Manganese dioxide 


3.6 


Lithium carbonate 


1.7 


Sodium carbonate 


3.4 


Polysaccharide gum 


0.1 


Expandable graphite 


0.8 


Soda lime glass 


13.3 



Spherical granules of size 0.2 mm to 0.5 mm in diameter 
were produced from the compositions of Examples 1 and 2 by spray 
drying an aqueous slurry of the compositions. The granules were used 
as mould fluxes in the continuous casting of ultra low carbon steel. 
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CLAIMS 

1. A granular mould flux comprising refractory metal oxide, 
one or more fluxing agents and an expanding agent characterised in 
that the flux also contains carbon black, manganese dioxide and starch. 

2. A granuiar mould flux according to Claim 1, characterised 
in that the refractory metal oxide content is made up of calcium oxide 
and silica and optionally alumina and/ or magnesia. 

3. A granuiar mould flux according to Claim 1 or Claim 2, 
characterised in that the fluxing agent is one or more of sodium 
carbonate, potassium carbonate, lithium carbonate, barium carbonate, 
sodium fluoride, aluminium fluoride, potassium fluoride, cryolite, 
fluorspar and olivine. 

4. A granular mould flux according to any one of Claims 1 to 

3, characterised in that the expanding agent is expandable graphite, 
expandable perlite or expandable vermiculite. 

5. A granular mould flux according to any one of Claims 1 to 

4, characterised in that the flux contains by weight: - 
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6. A granular mould flux according to Claim 5, characterised 
in that the expanding agent content is 0.3 to 1.0% by weight. 

7. A granular mould flux according to Claim 5 or Claim 6, 
characterised in that the manganese dioxide content is 2.0 to 4.0% by 
weight. 

8. A granular mould flux according to any one of Claims 5 to 7 
characterised in that the starch content is 0.3 to 0.7% by weight. 

9. A granuiar mould flux according to any one of Claims 5 to 
8, characterised in that the sodium carbonate content is 2.0 to 14.0% 
by weight. 

10. A granular mould flux according to Claim 9, characterised 
in that the sodium carbonate content is 8.0 to 14.0% by weight. 
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11. A granular mould flux according to any one of Claims 5 to 
10, characterised in that the lithium carbonate content is 1.0 to 7.0% 
by weight. 

12. A granular mould flux according to Claim 1 1, characterised 
in that the lithium carbonate content is 4.0 to 7.0% by weight. 

13. A granular mould flux according to any one of Claims 5 to 

12, characterised in that twice the lithium carbonate content plus the 
sodium carbonate content is in the range of 8.0 to 14.0% by weight. 

14. A granular mould flux according to any one of Claims 5 to 

13, characterised in that the light-weight refractory material is 
expanded perlite, expanded vermiculite or pumice. 

15. A granular mould flux according to any one of Claims 9 to 

14, characterised in that the carbonaceous material is charcoal, coke, 
anthracite or graphite. 

16. A granular mould flux according to any one of Claims 9 to 

15, characterised in that the flux contains a binder in addition to the 
starch and any sodium carbonate and/or lithium carbonate which may 
be present. 

17. A granular mould flux according to Claim 16, characterised 
in that the additional binder is a resin, a gum or a carbohydrate 
material. 
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18. A granular mould flux according to any one of Claims 1 to 
17, wherein the granules are spherical granules of 0.1 mm to 1 mm in 
diameter. 

19. A granular mould flux according to Claim 18, wherein the 
granules are spherical granules of 0.2 mm to 0.5 mm in diameter. 

20. A method of continuously casting molten steel in a mould, 
the method comprising adding to the mould prior to, during or after 
teeming of the molten steel, a mould flux comprising a refractory metal 
oxide, one or more fluxing agents, an expanding agent, carbon black, 
manganese dioxide and starch. 

21. A method according to Claim 20, wherein the steel is ultra 
low carbon steel. 
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